Propagation of transmissible spongiform encephalopathies is associated with the conversion of normal prion protein, PrP C , into a misfolded, oligomeric form, PrP Sc . Although the high-resolution structure of the PrP C is well characterized, the structural properties of PrP Sc remain elusive. Here we used MS analysis of H/D backbone amide exchange to examine the structure of amyloid fibrils formed by the recombinant human PrP corresponding to residues 90 -231 (PrP90 -231), a misfolded form recently reported to be infectious in transgenic mice overexpressing PrP C . Analysis of H/D exchange data allowed us to map the systematically H-bonded ␤-sheet core of PrP amyloid to the C-terminal region (staring at residue Ϸ169) that in the native structure of PrP monomer corresponds to ␣-helix 2, a major part of ␣-helix 3, and the loop between these two helices. No extensive hydrogen bonding (as indicated by the lack of significant protection of amide hydrogens) was detected in the N-terminal part of PrP90 -231 fibrils, arguing against the involvement of residues within this region in stable ␤-structure. These data provide long-sought experimentally derived constraints for high-resolution structural models of PrP amyloid fibrils.
T ransmissible spongiform encephalopathies (TSEs), also referred to as prion diseases, are a group of fatal neurodegenerative diseases that include kuru and Creutzfeldt-Jakob disease in humans, as well as scrapie, bovine spongiform encephalopathy, and chronic wasting disease in animals (1-6). These highly unusual disorders, which may be sporadic, inherited, or acquired by infection, have attracted enormous attention from both scientists and the general public. Recently, TSEs emerged as a major public health issue because of the epidemic spread of bovine spongiform encephalopathy and indications that this disease may have been transmitted to humans (2, 4) .
Regardless of the primary etiology, TSEs are associated with the conversion of the cellular prion protein (PrP), PrP C , into a misfolded form, PrP Sc . The ''protein-only'' model proposes that PrP Sc itself is the infectious TSE agent; it is believed to selfperpetuate by a mechanism involving binding to PrP C and templating autocatalytic conversion of the latter protein to the PrP Sc state (1, 2). Although not universally accepted, the proteinonly model of TSEs is supported by a wealth of experimental data (1-7), including recent success in generating infectious PrP Sc in vitro (8, 9) . Furthermore, the principle that proteins alone can be infectious has been proven in recent studies examining prion-based inheritance in yeast and fungi (10) (11) (12) .
The mature PrP C is a 209-residue glycoprotein with a Cterminally attached glycosylphosphatidylinositol anchor. Although PrP C and PrP Sc appear to have identical covalent structures (13) , they differ profoundly in biophysical properties. PrP C is monomeric, proteinase-sensitive, and soluble in nonionic detergents, whereas PrP Sc is partially resistant to proteinase K (PK) digestion and insoluble, forming aggregates with characteristics often similar to amyloid fibrils (1) (2) (3) (4) (5) (6) . Recent studies show that the degree of polymerization affects biological properties of the protein, with infectivity residing in oligomeric and not monomeric forms of PrP (14) .
These differences in physical properties seem to reflect different conformations of the two PrP isoforms; indeed, lowresolution optical spectroscopic data indicate that PrP C from normal brain is rich in ␣-helical structure, whereas PrP Sc contains a high proportion of ␤-sheet (15, 16) . NMR structural studies revealed that the recombinant PrP, a nonglycosylated model of PrP C , consists of a largely unstructured N-terminal part and a folded C-terminal domain encompassing three ␣-helices and two very short ␤-strands, with a disulfide bond bridging helices 2 and 3 (17) (18) (19) . In contrast to high-resolution data for the monomeric PrP C , our understanding of the structure of PrP Sc or synthetic PrP Sc -like aggregates is very poor, hindering efforts to understand the molecular basis of the disease. Although new tools have recently emerged for studying the architecture of ordered protein aggregates (20, 21) , these newly emerging approaches have not yet been used to probe the structure of mammalian prion amyloids.
Recently it has been shown that the recombinant PrP (PrP23-231), or a biologically relevant fragment, PrP90-231, can be converted into a variety of oligomeric forms that are rich in ␤-sheet structure and have increased resistance to PK digestion (22) (23) (24) (25) . These aggregates include amyloid fibrils, a form of PrP recently reported to be infectious in a transgenic mice model overproducing PrP C (8). Here we have used MS analysis of H/D exchange to probe the structure of amyloid fibrils formed by the recombinant human PrP. This approach allowed us to identify the core of PrP amyloid as defined by systematically H-bonded structure, providing crucial experimentally derived constraints for high-resolution structural models.
Results
Peptide Mapping and Coverage. Tandem MS experiments with native recombinant human PrP fragment 90-231 (huPrP90-231) identified 48 peptic fragments, and a few additional peptides were identified upon reduction of the disulfide bond by using Tris(2-carboxyethyl)phosphine hydrochloride (see Materials and Methods). Although some of these peptic fragments could not be separated under the conditions of the rapid HPLC gradient required for hydrogen exchange experiments, we were able to analyze with good signal-to-noise ratio the exchange data for 31 peptides. These fragments cover 96% of the entire huPrP90-231 sequence and, in many regions, have multiple overlaps; the only significant gap encompasses residues 214-217.
H/D Exchange Data for the Soluble Monomer. The kinetics of deuterium incorporation was followed for each peptic fragment over the period of 2 h, with the first experimental point measured after 5 min of isotope exchange. Representative MS spectra for doubly charged peptides 198-207 are shown in Fig. 1 . The several isotopic lobes (Fig. 1 A) are due to the Poisson distribution of the natural abundance 13 C atoms in the peptide fragment population. Upon deuterium incorporation, the same fragment shifts to higher mass, with the deuterium distribution pattern convoluted with the 13 C pattern ( Fig. 1 B-E) . By measuring the centroid mass of the deuterated peptide and subtracting the centroid mass of undeuterated peptide, the total deuterium uptake can be determined.
As shown in Fig. 2 , for the protein monomer we observed no measurable protection for the entire region encompassing residues 90-144, with essentially complete exchange for each peptic fragment during the initial 5-min incubation period. In contrast, variable D-labeling kinetic curves were obtained for individual fragments within the C-terminal region beginning at residue 145, with many of these fragments showing a significant degree of protection. Although MS analysis of H/D exchange lacks the spatial resolution of NMR experiments, the present data for huPrP90-231 monomer are fully consistent with the structural data and exchange protection factors reported in previous NMR studies (18, 26) . Thus, most peptic fragments for which rapid deuterium incorporation was observed by MS analysis correspond to the largely unstructured N terminus of huPrP90-231 and parts of the C-terminal domain involved in flexible loops, whereas those that show measurable protection encompass H-bonded ␣-helical regions and/or the second ␤-strand. No significant protection was detected for the peptic fragment encompassing the first ␤-strand (residues 128-131) and two peptides (183/184-197 ) that correspond to the flexible Cterminal part of helix 2. Again, this agrees with the NMR data that show fast H/D exchange in these regions of the PrP at neutral pH (26). This consistency is important because the exchange data for PrP monomer provide a ''baseline'' for structural interpretation of deuterium incorporation experiments with huPrP90-231 amyloid fibrils.
H/D Exchange on Amyloid Fibrils. As shown previously (25) , incubation of huPrP90-231 under the conditions described in Materials and Methods resulted in time-dependent conversion of the protein to amyloid fibrils that bind thioflavine T dye. Although variable in length, morphologically these fibrils appeared quite homogenous (Fig. 3A) . Some of them associated laterally, forming larger polymeric structures.
Investigation by H/D exchange combined with MS (HXMS) revealed a number of major differences in the deuterium incorporation pattern between assembled amyloid structure and monomeric huPrP90-231, providing an important insight into structural organization of PrP amyloid. All peptic fragments derived from the N-terminal part of huPrP90-231 up to residue 168 consistently showed very rapid incorporation of deuterium, reaching Ͼ80% labeling (in most cases 85-95%) during the first 5 min of the exchange experiment (Fig. 2) . Such fast labeling strongly argues against the presence of any stable H-bonded structures within this part of the PrP chain in amyloid fibrils, although resolution of data for the 90-127 region is limited by the relatively large size of corresponding peptic fragments.
In sharp contrast to the 90-168 region, we observed a very strong protection against D labeling for the C-terminal part of the molecule starting at residue 169 (Fig. 2 ). All peptic fragments derived from the 169-213 region showed very little (in majority of cases Ͻ20%) deuterium incorporation even after 25 h of exchange. This highly protected region most likely represents systematically H-bonded cross-␤ structure, defining the amyloid core of the PrP (see Discussion). Small levels of exchange observed for some peptides in this putative core region could be due to the involvement of some residues in the order-disorder boundaries and/or loop(s) between H-bonded ␤-strands. Although the N terminus of the exchange-protected region is relatively well defined at residue Ϸ169, the C terminus is somewhat more ambiguous because of the gap in coverage for amino acid residues 214-217. However, it should be noted that a significant long-term protection was found for the peptic fragment 218-224. Although partial labeling for the latter fragment occurs relatively fast (35% and 47% after 5 min and 1 h, respectively), further deuterium incorporation becomes very slow, remaining at the level Ͻ50% even after 25 h of exchange. Such a kinetic pattern could indicate a structural heterogeneity in this region, with a fraction of molecules being readily accessible to D-labeling and another fraction being strongly protected. However, this type of heterogeneity would be reflected in a bimodal distribution of mass peaks, as observed, for example, for some peptic fragments derived from ␣-synuclein fibrils (27) . The lack of bimodal mass distribution in the present study favors an alternative scenario, in which part of the peptic fragment 218-224 belongs to the exchange-protected core and another part undergoes rapid hydrogen exchange. This would map the C terminus of the exchange-protected region to residue Ϸ221. The color-coded ''protection map'' that summarizes 25-h exchange data for huPrP90-231 amyloid fibrils is shown in Fig. 4A .
Effect of Fibril Annealing on the Pattern of H/D Exchange.
Compared with brain PrP Sc , fibrils produced in vitro by a spontaneous conversion of the recombinant PrP have a shorter PK-resistant core (28) . Recently, Bocharova et al. (29) reported that the PK-resistant core of mouse and hamster full-length PrP can be extended to an Ϸ16-kDa fragment with the N terminus at residue 97. This rearrangement is accomplished by brief exposure of preformed fibrils to elevated temperature (e.g., 80°C) in the presence of Triton X-100, a procedure referred to as ''annealing.'' We have found that a similar extension of the PK-resistant core occurs upon annealing of fibrils formed by human PrP90-231. As shown in Fig. 3B , digestion of nonannealed huPrP90-231 fibrils using low concentrations of PK results in major electrophoretic bands corresponding to Ϸ10-and 8-kDa fragments. At higher concentrations of the enzyme (above PK:PrP ratio of Ϸ1:200), the 10-kDa fragment disappears, leaving the sole band at Ϸ8 kDa. In contrast, the annealed fibrils are significantly more resistant to PK digestion, giving rise to additional electrophoretic bands at Ϸ15.5 and 16 kDa. Most of these higher-molecular-mass fragments, including a PrP Sc -like band corresponding to 15.5 kDa, persist at least up to a PK:PrP ratio of 1:100.
To gain insight into the structural basis of the annealing process, the annealed fibrils were characterized by HXMS. Surprisingly, the pattern of H/D exchange for PrP90-231 fibrils subjected to annealing was very similar to that described above for nonannealed fibrils (Fig. 4) . The only significant difference found was for peptides spanning the short segment between residues 161 and 168, which showed somewhat higher degrees of long-term protection in the annealed fibrils (Fig. 4B) . However, even in the latter case, the extent of this protection was relatively modest, with Ϸ60% deuterium incorporation within 25 h. Thus, the region involved in stable systematically H-bonded structure appears to be very similar in the annealed and nonannealed fibrils, indicating that the annealing-induced N-terminal extension of the PK-resistant segment is largely due to conformational rearrangements other than formation of additional ␤-sheet structure (see Discussion).
Discussion
Although major advances have been recently made in TSE research, one of the remaining critical challenges is to determine the high-resolution structure of the infectious PrP Sc conformer. In an effort to bridge this gap, we explored the structural properties of amyloid fibrils formed by the recombinant human PrP corresponding to residues 90-231. This region of PrP is of special importance because it encompasses the entire sequence of PK-resistant brain PrP Sc , contains all known point mutations associated with familial prion diseases, and is sufficient for the propagation of the disease. Recently, Legname et al. (8) showed that inoculation of synthetic fibrillar aggregates, similar to those used in the present study, into transgenic mice overexpressing N-terminally truncated PrP C resulted in a TSE disease with very long incubation time, although no infectivity was found in experiments with wild-type mice.
The HXMS method used in this study is a proven tool to explore the structure and dynamics of water-soluble proteins (30) . Recently this methodology has been adapted with great success to probe the conformation of fibrillar aggregates that are notoriously difficult to study by most conventional methods (27, (31) (32) (33) . The H/D exchange approach exploits the fact that backbone amide hydrogens located within the unstructured regions of proteins exchange very rapidly, whereas those in- volved in systematically H-bonded structures, such as ␤-sheets and ␣-helices, usually exchange far more slowly (34) . This method is particularly well suited for studying amyloid fibrils because the amide protons in the ␤-sheet core of fibrillar aggregates are found to be exceptionally resistant to the exchange (27, 31-33, 35, 36) .
Our HXMS data reveal that the most highly exchangeprotected region in PrP fibrils constitutes a continuous stretch of amides starting at residue 169 and extending to at least residue 213. The C-terminal boundary of this highly protected segment is not as sharply defined as the N terminus because of the gap in coverage between residues 214 and 217. However, data for peptic fragment 218-224 strongly suggest that the amyloid core of PrP90-231, as defined by highly protected H-bonded structure, likely extends as far as to residue Ϸ221. This region corresponds in the native structure of the PrP monomer to helix 2, a major part of helix 3, and the loop between these two helices (Fig. 4A) . H/D exchange experiments alone cannot unambiguously discriminate between different types of H-bonded structures. However, the kinetic data in Fig. 2 clearly show that the patterns of D-labeling in the 169-224 region for the monomeric and fibrillar protein are quite different, with long-term protection observed only for amyloid fibrils. Such long-term protection is typical of a cross ␤-structure, a motif common to many amyloids (27, 31-33, 35, 36) . Infrared spectroscopic data indicate that the conversion of PrP23-231 and PrP90-231 to amyloid fibrils is indeed accompanied by a major increase in ␤-structure (24, 25) . This newly formed ␤-structure is highly unlikely to arise from segments N-terminal to residue Ϸ169, because all peptic fragments derived from this part of PrP90-231 fibrils show very rapid deuterium incorporation. Thus, the present data strongly indicate that the conversion of PrP to amyloid fibrils involves a major refolding of the C-terminal domain from ␣-helix to ␤-structure. The highly exchange-protected ␤-sheet core of the amyloid reaches from residue 169 to at least 213, likely extending as far as residue 221.
In addition to these changes, there is also a major rearrangement within the region corresponding to the first ␣-helix in the PrP monomer (residues 145-154). As expected, peptic fragments covering this sequence in PrP C show a significant degree of protection, especially at shorter exchange times (Fig. 2) . This protection disappears in amyloid fibrils, indicating loss of ␣-helical structure in this part of the protein.
The segment involving residues Ϸ90-140 is known to be important for the PrP C 3PrP Sc conversion (2, 37). The present data do not imply a lack of any structural organization in this part of the PrP90-231 amyloid. However, rapid H/D exchange indicates that any structure existing in this region must be highly dynamic and does not involve extensive, stable backbone Hbonding. In this context one should note that formation of amyloid fibrils has been reported for a number of synthetic peptides derived from PrP90-145 sequence, although often under nonphysiological pH and/or in the presence of organic solvents (38) (39) (40) . Structurally the best characterized of these is mouse PrP106-126, in which the ␤-sheet core of the amyloid maps to the central part of the peptide (residues 111-123), including the palindromic sequence VAGAAAAGAV (40) . However, our recent experiments show that deletion of this sequence has little effect on the ability of both PrP23-231 and PrP90-231 to assemble into amyloid fibrils (K. Surewicz, E. M. Jones, and W.K.S., unpublished data). This, together with the current finding regarding the lack of stable ␤-sheet structure within the entire 90-145 region of the PrP90-231 amyloid, argues that the structures formed upon conversion of these protein fragments do not necessarily represent those acquired by corresponding sequences during fibrillization of the larger PrP constructs. In a broader context, a wealth of data indicates that self-association into intermolecular ␤-sheets appears to be a general property of a great many short peptide sequences under the appropriate solvent conditions; we suggest that great caution should be exercised in extrapolating data for these fragments to infer structural properties of fibrils formed by their respective full-length proteins.
The H/D data mapping the N terminus of the ␤-sheet core in PrP90-231 fibrils to residue Ϸ169 is generally consistent with the pattern of proteolytic digestion that reveals an Ϸ8-kDa polypeptide as the most PK-resistant fragment of synthetic PrP fibrils (Fig. 3B and ref. 28) . The somewhat larger size of this highly PK-resistant fragment as compared with the ␤-sheet core as identified by H/D exchange data is likely due to protease specificity as well as potential steric constrains. Bocharova et al. (28) mapped the N terminus of this 8-kDa fragment to residue 162, and that of a somewhat less PK-resistant 10-kDa fragment to residue 152/153. Although the latter fragments are remarkably similar to a minor population of PK-resistant fragments identified recently in brains of subjects with sporadic CreutzfeldtJakob disease (41), they are much shorter than a typical PKresistant core of PrP Sc (2) (3) (4) . A recent significant development was the finding that, upon incubation at elevated temperatures in the presence of Triton X-100, the PK-resistant core of recombinant PrP amyloid fibrils may be extended to an Ϸ16-kDa fragment starting at residue Ϸ97 (29). We were able to reproduce this observation using huPrP90-231 fibrils. However, to our surprise, we found that annealing has very little effect on the pattern of deuterium incorporation, with HXMS data indicating very similar systematically H-bonded cores in both fibril types. Although proteinase-resistant regions in fibrillar aggregates are typically assumed to reflect cross-␤-structure, the present data indicate that this scenario is not necessarily universally valid. Clearly, partial protection from digestion may be also acquired by regions lacking extensive backbone H-bonds and, thus, ordered secondary structure. We suggest that, in the case of annealed PrP fibrils, this is due to changes in the tertiary and/or quaternary structure resulting in steric constraints that prevent access of a large enzyme such as PK (molecular mass Ϸ 29 kDa) to potential cleavage sites.
Fibrils used in this study were obtained from a highly purified recombinant PrP, whereas the PrP C 3PrP
Sc conversion in vivo occurs in the presence of many cellular cofactors. Some of these cofactors could modulate the final conformation of PrP Sc , especially in the apparently less ordered N-terminal part of the PK-resistant region. Conformational plasticity in this part of PrP Sc appears to underlie the phenomenon of TSE strains, with individual strains corresponding to distinct PrP Sc cleavage sites (2-4). Therefore, although the present data argue against the presence of stable ␤-sheet structure in the N-terminal part of PrP90-231 amyloid, it is not inconceivable that segment(s) within this region could fold into such a structure in some strains of brain PrP Sc .
Guided by electron microscopic images of 2D crystals, Govaerts et al. (42) recently proposed a structural model for PrP Sc in which residues 89-175 form left-handed ␤-helices that associate into trimers, whereas the entire C-terminal region retains the native ␣-helical conformation of PrP C . Another model, based on molecular dynamics simulations, postulates that the ␤-structure core of PrP protofibrils is composed of a three-stranded sheet, E1-E3 (residues 116-119, 119-132, and 160-164) , and an isolated strand, E4 (residues 135-140), with three native ␣-helices being largely preserved (43) . The present experimental data (mapping the ␤-sheet core of PrP90-231 amyloid to the Cterminal region and showing that no systematically H-bonded structure exists within the 90-168 segment) is clearly at odds with both of these in silico models. On the other hand, our findings are generally consistent with molecular dynamics simulations by Dima and Thirumalai (44) . The latter study predicted the two C-terminal ␣-helices as the most likely region to undergo a transition to ␤-structure, although it stopped short of proposing any specific structural model. Further studies are required to elucidate tertiary and quaternary interactions in the recombinant PrP fibrils, as well as to establish a relationship between the structure of these fibrils and that of brain PrP Sc . The present data regarding the systematically H-bonded ␤-sheet core in PrP amyloid bridge a major gap, providing long-sought experimentally derived constraints for high-resolution structural models.
Materials and Methods
Protein Purification. The plasmid encoding huPrP90-231 with an N-terminal linker containing a His-6 tail and a thrombin cleavage site was described previously (45) . The protein was expressed, cleaved with thrombin, and purified according to the previously described protocol (45) ; it was stored frozen in 10 mM sodium acetate buffer (pH 4).
Preparation and Characterization of Amyloid Fibrils. huPrP90-231 amyloid fibrils were prepared essentially as described previously (25) . Briefly, the monomeric protein from a stock solution was diluted to a concentration of 0.7 mg/ml in 50 mM phosphate buffer containing 2 M GdnHCl and adjusted to a final pH of 7.5. The samples were placed in 1.5-ml conical tubes filled to the volume of Ϸ1 ml and incubated at 37°C with continuous rotation at 8 rpm (Model 400110 Thermolyne Labquake rotator; Barnstead International, Dubuque, IA). The formation of amyloid fibrils was followed by a fluorimetric thioflavine T assay as described previously (25) . Once the reaction was completed, samples were analyzed by atomic force microscopy (46) .
Freshly prepared huPrP90-231 fibrils were subjected to the so-called annealing process that converts fibrils to a more PK-resistant structure as described previously (29) . To this end, preformed fibrils were dialyzed from the denaturant against 10 mM phosphate buffer (pH 7.5) followed by incubation for 15 min at 80°C in the presence of 1% Triton X-100. The sensitivity of annealed and nonannealed fibrils to PK digestion was probed by incubating fibrillar protein (0.3 mg/ml) for 1 h at 37°C with different concentrations of PK in 50 mM phosphate buffer (pH 6.5). The digestion was stopped by addition of PMSF immediately followed by boiling for 15 min in sample buffer containing 2.25 M urea. Samples were analyzed by SDS/PAGE using 12% NuPage gels (Invitrogen, San Diego, CA) and Coomassie blue staining.
H/D Exchange. Fibrils were collected by centrifugation in an Eppendorf tube (6,000 ϫ g for 10 min) and washed four to five times with 10 mM phosphate buffer (pH 7.4) to remove GdnHCl, residual nonfibrillar material, and, in the case of fibrils subjected to annealing, most of the detergent. To initiate deuterium labeling, the final pellet (50 l) was resuspended in 1 ml of D 2 O buffer (10 mM phosphate, pD 7.4) and incubated at 25°C from 5 min to 25 h. At various time points fibrils were collected by centrifugation at 16,000 ϫ g for 30 sec (to a final volume of Ϸ50 l) and rapidly dissociated by adding 500 l of an ice-cold solution of 7.2 M GdnHCl in an exchange quench buffer (0.1 M phosphate, pH 2.5). The samples (Ϸ0.5 mg of protein per milliliter) were then immediately diluted 10 times with an ice-cold 0.05% TFA in H 2 O and digested for 5 min with pepsin (a huPrP90-231:pepsin ratio of 1:1, wt/wt). The peptic fragments were collected in a peptide microtrap, washed for 5 min to remove salts, and eluted on a C18 HPLC column using a gradient of 2-30% acetonitrile at a flow rate of 50 l/min (total elution time of 13 min). Peptides separated on the column were analyzed by a Finnigan LCQ-DECA quadruple ion-trap mass spectrometer (ThermoElectron, San Jose, CA) directly coupled to the HPLC system. To slow back-exchange during this procedure, the trap and C18 column were immersed in ice.
Peptide masses were calculated from the centroid of the isotopic envelope by using MagTran software, and the extent of deuterium incorporation at each time point was determined from the shift in mass of labeled peptides relative to unlabeled peptides. To correct for the 5% H 2 O present during the exchange-in and for deuterium back-exchange during proteolysis, HPLC separation, and MS analysis, control experiments were performed by using fully deuterated protein prepared by 2-h incubation in 6 M guanidine deuterochloride in D 2 Exchange experiments with monomeric huPrP90-231 were performed similarly, starting with a small volume of 10 mg/ml solution of the protein in 10 mM acetate buffer (pH 4) and diluting it 20 times in D 2 O buffered with 10 mM phosphate (pD 7.4). To mimic the digestion conditions of amyloid fibrils, the exchange reaction was quenched by using ice-cold 0.1 M phosphate buffer (pH 2.3) containing 0.65 M GdnHCl.
PrP contains two disulfide-linked Cys residues at positions 179 and 214. To improve sequence coverage in the region containing these residues, an additional series of experiments was performed in which, after H/D exchange, the native disulfide bond was rapidly reduced by treatment with 0.1 M Tris(2-carboxyethyl)phosphine hydrochloride in the quench buffer containing 7.2 M GdnHCl. Peptic digestion was then performed on the reduced protein. This procedure allowed us to extend deuterium exchange studies to a peptide fragment encompassing residues 169-181.
Peptide Mapping. Before H/D exchange experiments, pepsin digestion fragments were identified by a standard procedure involving separation on a C18 HPLC column coupled to a Finnigan LCQ quadrupole ion-trap mass spectrometer, sequencing by tandem MS, and analysis using the SEQUEST search algorithm (ThermoElectron) and manual inspection. Additionally, peptide identification was confirmed by exact mass measurements by using Fourier Transform Ion Cyclotron Resonance MS (LTQ-ICR; ThermoElectron).
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